Abstract. Global warming has become an important issue over the last few decades. One of the causes is the presence of Greenhouse Gases (GHG) which is emitted by human activities. Oil and gas production (drilling, work over, and refinery) for energy consume will be followed by the associated gas. The associated gas will be flared due to safety and non-economic reasons. The objectives of this study are reviewing the environmental impact and utilize technologies from flaring gas. The impact of flaring gas can lead to a decrease in human health, increased GHG, changing the plant metabolism, and decrease the production of agricultural crops. Due to these, there are some technologies to reduce flaring such as: reinjection (EOR activities), PNG, LPG, LNG, CNG, NGH, GTE, and GTL. The flare gas recovery is expected to obtain the lower value of GHG in the air and as one of the clean development mechanism (CDM) practices with a rethink, reuse, reduce, recovery, and recycle principle.
Introduction
Global climate changes have been the concern of many countries since UNCHE summit in Stockholm, Sweden in 1972. The summit emphasized sustainable development for future generation and supported by the Paris Agreement to reduce GHG emissions from 2 0 C to 1.5 0 C. Various efforts for reducing greenhouse gas emissions are more intensively conducted by the developed and developing countries. One of the efforts from the developed countries for reducing the GHG is through financial support. Increasing the CO2 concentration (June 2017 -June 2018 increase from 408.84 ppm to 410.79 ppm) [1] , earth temperature, polar ice melting, rising of sea water level, and climate change are various symptoms of global warming caused by greenhouse gas effects.
The increase in human population is linear with increased energy consumption. The extraction of fossil fuels still dominates the world for the easiness reason. The energy reserves for petroleum source, based on the baseline calculation is 62 million TOE (Tones Oil Equivalent) in 2015 and increase to 101 TOE in 2025, 153 TOE in 2035 and 260 TOE in 2050. These reserves were also covered by the natural gas production of 25 TOE (2015), 43 TOE (2025), 61 TOE (2035) and 96 TOE (2050) [2] . Associated gas burning (average of 150 million m 3 year -1 ), from exploration activities called flaring gas, is a most potential source of black carbon of greenhouse gas emissions during hydrocarbon production and one cause of global warming [3] [4] [5] .
In August of 2002, the World Summit on Sustainable Development of the Organization of Petroleum Exporting Countries (OPEC) has launched the GGFR (Global Gas Flaring Reduction Public-Private Partnership) which is aimed at supporting oil-producing countries to be able to optimally utilize flare gas and solving the problems in its utilization as an effort to implement CDM. The National Energy Management blueprint 2005-2025 as a reflection of the National Energy Policy Action Plan (2003-2020) of Ministry of Energy and Mineral Resources to undertake the reutilization of flare gas into a product with more economic value and profitability. The policy was followed up through the GOGII (Green Oil Gas Industry Initiative) on July 25, 2008, by the Directorate General of Oil and Gas, which has task of formulating and implementing policies and standardization of oil and gas. The objectives of the program are sustainable, environmentally friendly and clean oil and gas industries (zero flares, zero discharge, clean water, and renewable) [6] . As the government affirmation in the effort of reducing GHG, the Minister of EMR has issued Regulation Number 32 the Year 2017 about Utilization and Selling Price of Flare Gas in Upstream Oil and Gas Activities. The regulation stipulates that flare gas can be utilized by a Business Entity Holder of License for Business Management and/or Natural Gas Business License or the other government agency at a predetermined price, issued on May 2 nd 2017 [3] . The objectives of this study are to review the environmental impact from flaring gas in Indonesia and the technologies for its utilization as one of CDM practises which covers the concept of cleaner processes such as minimization, control of pollution, reuse, recovery and recycling.
Flaring gas
A flare gas is an associated gas burned from the petroleum production process due to its uneconomical feasibity. Burning flare gas will liberate gas (hydrogen sulfide, toluene, benzene, sulfur dioxide, nitrogen dioxide and xylene), particulates, and soot (black carbon) [3] [5] . Associated gas usually present in drilling, work over, and refinery 6 and its combustion have been applied since 1935. The emergence of the idea to burn associated gas from the crude oil production is considered easy and cheap for a short period of time, without having to provide production equipment that is less feasible according to economic considerations. In addition, other reasons for gas combustion are: (1) Burning unused gas during the purification process; (2) Burning excess gas that cannot be used for commercial purposes; (3) Burning the steam collected from the top tank that occurs during the refining process; (4) Burning remaining gas when production stops and starts; (5) During the process of upset, maintenance, and equipment replacement.
The combustion has negative consequences for the environment (biotic or abiotic), human health, economy and safety [7] . If judging further, the negative impact of combustion of associated gas due to the inefficiency of the combustion process itself due to incomplete combustion that results in some products, CO, water and part of the hydrocarbon compound which will be emitted into the air [8] .
Air impact
Carbon dioxide gas from flaring gas is a driven factor of greenhouse gas effect/GHG effect and should be a concern [9] . The GHG effect is a phenomenon of sunlight waves penetrating the earth's atmosphere but it cannot be reflected back into the atmosphere because there is such a shadow or black shield of gases formed from the greenhouse gasses so that it will be reflected back to earth. This causes the earth's surface temperature to increase as inside a building/space surrounded by glass. The greenhouse gases based on the Kyoto Protocol consist of CO2 (carbon dioxide), N2O (nitride/dinitrogen oxide), CH4 (methane), SF6 (sulfur hexafluoride), PFC (perfluorocarbons), and HFC (hydrofluorocarbons) [6] .
Although the concentration of pollutants will decrease by increasing the distance of flare stack, the gasses have been emitted into the air and make the chain chemical reaction that will cause GW indirectly. Table 1 shows the example of results of the emissions of flared gas in the Niger Delta Region of Nigeria in 2015 [5] . 
Human impact
There are several effects of flare gas on human beings comprising of respiratory disorders (asthma, bronchitis), blood disorders (leukemia, anemia), bone mass abnormalities, premature births with low weight, even fertility impairment. Exposure for a long time can cause memorial disorder, cancer, kidney disorder and lung organ damage, neurological disorders and others [7] . Acid rain also results from an emitted gas flare. Furthermore, NOx and SOx compounds when encountered with water will cause rainwater pH to fall down to 4.98 -5.15 range [10] . The low pH can affect human mucous membrane, gastrointestinal wall, and abdominal ulcers. Effects of the Flare Gas for humans based on NAAQS (National Ambient Air Quality Standards) are presented in Table 2 [10]. 
Economic impact
Heat radiation from a flaring gas processes affects the microbial population in the soil. The population decline causes decreasing organic matter decomposition in the soil and causing the decrease of pH of the soil. Sour soil will cause a decrease in crop production from an agricultural field and extreme cases will continue to food scarcity, food prices increase and result in the welfare of local farmers [7] . Activity of the flare gas will lead to decreased soil fertility, biogeochemical cycles of nutrients, and microclimate conditions of a region. It has been investigated in the Niger Delta Region, Nigeria causing a decrease in maize production at 2 km distance from the flare pad. The other ways air temperature of soil and leaf could decrease humidity of 110 m distance from the pad so that the type of agricultural crops with negative response to hot temperature shouldn't plant around the flare area [10] [11].
6. Flare gas utilization/flare gas recovery Estimated potential flaring gas in Indonesia reached 749,046 MSCFD from 8,077,714 MSCFD grand total of gas production [12] . Given the potential and contents of the flare gas and its impact, there are several benefits that can be done to reduce the flare gas for eco-efficiency of the company. But Efficiency is obtained if associated gas is utilized for (68 ± 7) % [13] . Some of Gas Flare Recovery are listed below [9] [10] [14] .
Reinjection. This method is generally used to maintain the presence of gas for future use and increase the efficiency of oil production in EOR activities (enhance oil recovery). This is commonly used for industries that have a small gas capacity.
GTG (Gas turbine generator).
The resulting gas will be used as a power plant to meet the electricity needs of both the industry itself and the household. Research in Argentina says that burning 0.45 m 3 of gas can produce 40 MW of power.
PNG (Pipeline natural gas).
Although it is considered uneconomical especially for pipelines from offshore to onshore, gas pipeline installations cost an average of 1-5 USD depending on the terrain, but this way can be used to reduce combustion of the associated gas.
LPG (Liquefied petroleum gas).
This technology is widely used because of the ease of storage and transportation of local markets. However, the process of removing the impurities (water vapor, CO2, mercury vapor, and H2S) makes this less economical for associated gas processing. But, some industries is founded have developed the technology to process only LPG content from the associated gas to increase the economic value.
LNG (Liquefied natural gas).
LNG has a volume of 1/600 of gas volume at room temperature and requires more investment on a large scale. Large gas reservoir >85 bscm (billion standard cubic meter) have an investment of 1 billion. The long processes gas impurities, cooled to a liquid at -162 0 C temperature and regasification is one economical factor of LNG processing.
CNG (Compressed natural gas).
CNG is almost the same as LNG, but compression doesid not occur before the liquid phase. So that, no regasification process is required. Volume generated is also greater than 1/1200 of the volume of gas at room temperature.
NGH (Natural gas hydrates).
The gas is hydrated to crystallize and stabilize at -200 C. This method is also potential in recovering the associated gas with a higher economic value than LNG. GTE (Gas to ethylene) and methanol ammonia produce. Methane gas from associated gas and natural gas can be converted to methanol products as a material of DME (Dimethyl ether) and olefin (ethylene and propylene) used in reactors with conventional systems in catalyst production. Methane can also be converted to ammonia as a raw material for fertilizer production. While ethylene is a product resulting from the breakdown of hydrocarbon compounds using heat, especially on NGL production as well as associated results of petroleum fractionation. Ethylene is commonly used in the production of LDPE (low-density polyethylene) and HDPE (high-density polyethylene).
GTL (Gas to liquid).
These products are gasoline, diesel and wax. Today, liquid fuels have an advantage in terms of transport and storage [14] . Generally GTL is produced only with natural gas, but in Nigeria through Chevron Nigeria Limited starts producing GTL 70% and naphthalene 30% (mid-2014) with uses 15% of the flare gas, capacity of 34,000 barrels per day and is required to support a production capacity of approximately 9.6 MMSCMD (million standard cubic meters per day). Further related to the above technology, based on the eco-efficiency said that CNG installation is more appropriate to use at distance <2,700 km, PNG distance 2,700 -7,600 and LNG at distance> 7,600 km [10] .
Clean development mechanism (CDM)
CDM is one of the agreements of the Kyoto Protocol 1997 to reduce emissions from Annex I Countries. The mechanism used is carbon trading for CER (certified emission reduction). CDM activities are divided into decreasing GHG degradation activities and absorption GHG from the atmosphere. Decreasing GHG is targeting for the industrial sector. Meanwhile, GHG absorption is targeted to the forestry sector [6] . Efficiency aspect is emphasized by integrating environmental and economic aspects and environmental conservation, social dynamics, and economic growth as its base. The principle and the categorized of clean production as listed below [15] and the simple concept of CDM is shown in Figure 1 [16] :
• Rethink, What is more important between environment and safety? If we must flare it, it should be utilized; • Reuse the flare gas for other purposes as above;
• Reduce this gas to minimize environment impact;
• Recovery is the same meaning as utilizing gas. Associated gas will be more useful with the other utilization. But it will give more investment to build the plant (LPG Mini Plant, CNG Plant etc); • Recycle. The Enhanced Oil Recovery is one of these stages. The associated gas will reinject to maintenance reservoir pressure so that the fluid will flow by its self; 
Conclusion
Crude oil or natural gas production activities for energy needs produce associated gas which is emerging from drilling, work over and refinery. Flaring gas has an impact on the environment, people and the economy. Air emission from flaring gas will be emerging the Greenhouse Gases that contribute to climate change. The utilization of flare gas such as reinjection for EOR activities, power plant, PNG, LPG, LNG, CNG, NGH, GTE, and GTL, as one of CDM practice can be used to produce a more environmentally friendly production process with the principle of rethink, reuse, reduce, recovery, and recycle.
